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, $(t, x)\in RxR$ , $u(t, x)$ . ,
$\lambda$ , $\mathcal{N}(u)$ ,
$\mathcal{N}(u)=|u|^{p-1}u$ $(1<p<3)$
. , , $\varphi_{e}(x)=\epsilon^{-1}\varphi(\epsilon^{-1}x)$ ,
$\varphi\in S(R),$ $0<\epsilon<1$ . $\mu_{0},$ $\mu_{1}$ . $\epsilon$
$0$ , (1.1) ,
[2, 3, 5, 6, 10, 11, 12, 13, 15, 19, 20, 21].
( $L^{2}$ )
Sobolev $H^{t}(R)(s\geq 0)$ . ,





[1]. , $u(t,x)$ (
$|u(t,x)|$ ). , $\epsilon\in(0,1$ ]
$(=$ $\Re$ $)$ .
, $S’(R)$ $e arrow 0hmu_{e}(0, x)=(\int\varphi(x)dx)(\mu_{0}\delta_{0}+\mu_{1}\delta_{a})$ . (
, $\delta_{a}$ $x=a$ $\delta$ .)
,
. ,
















. Theorem 1.1 Theorem 1.2 , ,
“ ”
.
Theorem 1.1 $(u(0-, x)=\mu_{0}\varphi.(x)$ ) $T>0$ , $\epsilon\downarrow 0$ , $S’(R)$
$u_{e}(t,x)arrow A(t)U(t)\delta_{0}$ $(0<t<T)$
. , $U(t)=\exp(it\partial_{x}^{2})$ , $A(t)$ .
$\{\begin{array}{l}i\frac{dA(t)}{dt}=(4\pi t)^{-(p-1)/2}W(A(t))A(0)=\mu_{0}\int\varphi(x)dx\end{array}$ (1.2)
Remark. Theorem 1.1 $A(t)U(t)\delta_{0}$
$u( O, x)=\mu_{0}(\int\varphi(x)dx)\delta_{0}$ (1.1) . $\delta$
Sir\"odinger , Kenig-Ponce-Vega [14]
. $3\leq p$ , $u(O, x)=\delta_{0}$ (11) $C([0, T];S’(R))$
, 2 ,
$(p<3)$ , $\delta$ (11)
. , (1.2) $t$ $t=0$
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.Remark. Theorem 1.1 $A(t)$ (1.2)
$A(t)=\sqrt{2\pi}\mu_{0}\hat{\varphi}(0)$ exp $( \frac{2\lambda|\sqrt{2\pi}\mu_{0}\hat{\varphi}(0)|^{p-1}}{i(3-p)}|4\pi t|^{-(p-1)/2}t)$
. , $\hat{\varphi}$ $\varphi$ Fourier . $A(t)U(t)\delta_{0}=$








Theorem 1.2 $(u(0, x)=\mu 0\varphi_{e}(x)+\mu\iota\varphi.(x-a)$ ) $T>0$ , $\epsilon\downarrow$
$0$ , $S’(R)$
$u_{e}(t,x) arrow\sum_{k\in Z}A_{k}(t)U(t)\delta_{ka}$ $(0<t<T)$ (1.3)
. , $U(t)=\exp(it\partial_{x}^{2})$ , $A_{k}(t)$
.
$\{\begin{array}{l}i\frac{dA_{k}(t)}{dt}=(4\pi t)^{-C}p-1)/2\lambda \mathcal{N}_{k}(\{A_{j}(t)\})A_{k}(0)=\mu_{k}\int\varphi(x)dxk=0,1and=0\end{array}$ (1.4)
,
$\mathcal{N}_{k}(\{A_{j}(t)\})$ $=$
$(2 \pi)^{-1}e^{-i(ka)^{2}/4t}\langle \mathcal{N}(\sum_{j}e^{-1j\theta}e^{i(ja)^{2}/4t}A_{j}(t)), e^{-ik\theta}\rangle_{\theta}$ ,
$\langle f(\theta),g(\theta)\rangle_{\theta}=\int_{0}^{2\pi}f(\theta)\overline{g(\theta)}d\theta$
.
Remark. $u_{\epsilon}(t, x)$ $U(t)$ ,
$U(-t)u_{\epsilon}(t)$ . $t=0$ $U(O)u_{\epsilon}(O)$ 2 ,
$t\neq 0$ $\epsilon$ $U(-t)u(t)$
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$(??)$ . ,
. , Theorem 1.2 ,
$\varphi(x)$ 2 , $u( O, x)=\sum_{j\in Z}\mu_{k}\varphi_{\epsilon}(x-ja)$
, (1.3) . ,
$\mu_{j}$
$\sum_{j\in Z}(1+|j|)^{2}|\mu_{j}|^{2}<\infty$ .
2 Theorem 1.1 (Outline)
, $u_{\epsilon}(t)(=u_{e}(t, x))$ $0<\epsilon<1$ $S’(R)$
, $u(t)=U(t)(U(-t)u_{e}(t))$ $U(-t)u_{e}(t)$ . $U(-t)u_{e}(t)=v_{e}(t)$
. (1.1) $v_{\epsilon}(t)$ .
$\{\begin{array}{l}i\partial_{t}v_{e}=\lambda U(-t)\mathcal{N}(U(t)v_{e})v_{\epsilon}(0)=\mu_{0}\varphi_{e}(x)\end{array}$
, $U(t)=MD\mathcal{F}M$ . , $Mf(t, x)=$
$e^{1x^{2}/4t}f(t,x),$ $Df(t, x)=(2it)^{-1/2}f(t, x/2t)$ , $\mathcal{F}f(\xi)=(2\pi)^{-1/2}\int e^{-*x}f(x)dx$
(Fourier ) . (2.1) ,
$\{\begin{array}{l}i\partial_{t}^{\wedge}v_{\epsilon}=\lambda|2t|^{-C-1)/2}p\mathcal{F}M^{-1}\mathcal{F}^{-1}\mathcal{N}(\mathcal{F}M\mathcal{F}^{-1\wedge}v_{\epsilon})v_{\epsilon}\wedge(0,\xi)=\mu_{0}\hat{\varphi}(\epsilon\xi)\end{array}$
. $\hat{f}(\xi)$ $f(x)$ Fourier . $\xi$ $\hat{w}_{e}(t,\xi)=$
$v_{\epsilon}\wedge(t, \xi/\epsilon)$ , .
$\{\begin{array}{l}i\partial_{t}\hat{w}_{\epsilon}=\lambda|2t|^{-[p-1)/2}\mathcal{F}M_{e}^{-1}\mathcal{F}^{-1}\mathcal{N}(\mathcal{F}M.\mathcal{F}^{-1}\hat{w}_{e})\hat{w}_{\epsilon}(0,\xi)=\mu_{0}\hat{\varphi}(\xi)\end{array}$
, $M_{e}=e^{i\epsilon^{2}x^{2}/4t}$ $M_{e}^{-1}=e^{-2e^{2}x^{2}/4t}$ . (2.2)
, $\epsilonarrow 0$ , $M_{\epsilon}arrow 1$ , $\epsilon$
. (2.2) . , (2.2)
, $C([0, T];H^{1}(R))$ .
, .
Lemma 2.1 $\epsilon\in(0,1$] $T>0$ 2 .
(1)(2.2) $\hat{w}_{\epsilon}(t,\xi)\in C([0,T];H^{1}(R))\cap C^{1}((0, T];H^{1}(R))$ .
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(2) $\epsilonarrow 0$ $\hat{w}(t, \xi)\in H^{l}(R)$ , $\hat{w}_{\epsilon}(t, \xi)arrow\hat{w}(t, \xi)$ $C([0, T];H^{1-\sigma}(R))(0<$
$\sigma\ll 1)$ . , $w(t, \xi)$ .
$\{\begin{array}{l}i\partial_{t}\hat{w}=\lambda|2t|^{-(p-1)/2}\mathcal{N}(\hat{w})\hat{w}(0,\xi)=\mu_{0}\hat{\varphi}(\xi)\end{array}$ (2.3)
Theorem 1.2 .
(Theorem 1.1 ) Lemma 2.1 , $\epsilonarrow 0$ ,
$||\hat{w}_{e}(t,\epsilon\cdot)-\hat{w}(t,\epsilon\cdot)||_{L}\infty$ $=$ $\Vert\hat{w}_{\epsilon}(t, \cdot)-\hat{w}(t, \cdot)\Vert_{L}$






$S’(R)$ . , $\mathcal{F}^{-1}\hat{w}(t, 0)=\sqrt{2\pi}\hat{w}(t, 0)\delta_{0}$ ,
$A(t)=\sqrt{2\pi}\hat{w}(t,0)$ , Theorem 1.1 .
3 Theorem 1.2 (Outline)
$\hat{w}_{\epsilon}$ (2.2)
$\{\begin{array}{l}i\partial_{t}\hat{w}\epsilon=\lambda|2t|^{-(p-1)/2}\mathcal{F}M_{e}^{-1}\mathcal{F}^{-1}\mathcal{N}(\mathcal{F}M_{\epsilon}\mathcal{F}^{-1}\hat{w}_{e})\hat{w}_{\epsilon}(0,\xi)=\mu_{0}\hat{\varphi}(\xi)+\mu_{1}e^{-\phi/\epsilon}\hat{\varphi}(\xi)\end{array}$ (31)






$\{e^{-1ja\zeta/e}\}_{j\in Z}$ . $\epsilon$
$\{e^{-ija\xi/e}\}_{j\in Z}$ , $C_{\epsilon,j}(t, \xi)$ $\epsilon$
. , $C_{\epsilon_{\dot{\theta}}}(t, \xi)$ (3.2)
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(3.1) , .
Lemma 3.1 . , Lemma 3.1
$P_{1}^{2}(H^{1})$ , .
$\Vert\{C_{j}(\xi)\}_{k\in Z}\Vert_{\ell_{1}^{2}(H^{1})}=(\sum_{j\in Z}(1+|j|)^{2}\Vert C_{j}(\cdot)\Vert_{H^{1}}^{2})^{1/2}$
Lemma 3.1





$B_{\epsilon,k}(t,\xi)$ $=(2\pi)^{-1}e^{-i(ka)^{2}/4t}\langle \mathcal{N}(f(t,\xi, \theta),e^{-1k\theta})\rangle_{\theta}$ ,
$f(t,\xi,\theta)$
$= \sum_{j\in Z}e^{-ij\theta}e^{i(ja)^{2}/4t}[\mathcal{F}M_{\epsilon}\mathcal{F}C_{\epsilon i}](t,\xi-\epsilon\frac{ja}{2t})$
.
(Lemma 3.1 ) , Fourier ,
$\mathcal{F}M_{\epsilon}\mathcal{F}^{-1}\hat{w}_{\epsilon}=\sum_{j}e^{-1ja\epsilon/\epsilon}e^{:(ja)^{2}/4t}[\mathcal{F}M_{\epsilon}\mathcal{F}^{-1}C_{\epsilon,j}](t,\xi-\epsilon\frac{ja}{2t})$
. , $\theta=a\xi/\epsilon$ ,
$\mathcal{N}(\mathcal{F}M_{e}\mathcal{F}^{-1}\hat{w}_{e})=\mathcal{N}(\sum_{j}e^{-ij\theta}e^{1(ja)^{2}/4t}[\mathcal{F}M_{\epsilon}\mathcal{F}^{-1}C_{\epsilon,j}](t,\xi-\epsilon\frac{ja}{2t}))$
$\theta$ $2\pi$ . Fourier
$\mathcal{N}(\mathcal{F}M_{e}\mathcal{F}^{-1}\hat{w}_{\epsilon})=\sum_{k}\tilde{C}_{\epsilon,k}(t,\xi)e^{-:k\theta}$
. , $\tilde{C}_{\epsilon,k}(t, \xi)$ Fourier . $\tilde{C}_{\epsilon,k}=e^{*(ka)^{2}/4t}B_{\epsilon,k}$
, $\theta=a\xi/\epsilon$ Lemma 3.1 .
$\hat{w}_{\epsilon}$ (3.2) (3.1) , Lemma 3.1 ,
$\sum_{k}i\partial_{t}C_{\epsilon,k}(t,\xi)e^{-ik\xi/\epsilon}=\lambda|2t|^{-C-1)/2}p\sum_{k}[\mathcal{F}M_{\epsilon}^{-1}\mathcal{F}^{-1}B_{\epsilon,k}](t,\xi+\epsilon\frac{ka}{2t})e^{-ika\xi/e}$
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. , $\{C_{e,k}(t,\xi)\}_{k\in Z}$
.
$\{\begin{array}{l}i\partial_{t}C_{\epsilon,k}(t,\xi)=\lambda|2t|^{-(p-1)/2}[\mathcal{F}M_{\epsilon}^{-1}\mathcal{F}^{-1}B_{\epsilon,k}](t,\xi+\epsilon\frac{ka}{2t})C_{\epsilon,k}(0,\xi)=\mu_{k}\hat{\varphi}(\xi)\end{array}$ (3.4)
(3.4) Lemma ( ).
Lemma 3.2 $\epsilon\in(0,1)$ $T>0$ , 2 .
(1) (3.4) $\{C_{\epsilon,k}(t,\xi)\}_{k\in Z}\in C([0, T];\ell_{1}^{2}(H^{1}))\cap C^{1}((0,T];\ell_{1}^{2}(H^{1}))$ 1 .
(2) $\epsilonarrow 0$ $\{C_{k}(t,\xi)\}_{k\in Z}\in\ell_{1}^{2}(H^{1})$ , $\{C_{e,k}(t, \xi)\}_{k\in Z}arrow\{C_{k}(t,\xi)\}_{k\in Z}$
$C([0,T];\ell_{1}^{2}(H^{1-\sigma}))(0<\sigma\ll 1)$ . F $C_{k}(t,\xi)$
.
$\{\begin{array}{l}i\partial_{l}C_{k}(t,\xi)=\lambda|2t|^{-[p-1)/2}B_{0,k}(t,\xi)C_{k}(0,\xi)=\mu_{0}\hat{\varphi}(\xi)\end{array}$ (3.5)
, $B_{0,k}$ Lemma 3.1 $B_{\epsilon,k}$ $\epsilon=0$ .
Theorem 1.2 .




$\leq$ $C\Vert\{C_{e,k}(t,\xi)\}_{k\in Z}-\{C_{k}(t,\xi)\}_{k\in Z}||_{\ell_{1}^{2}(H^{1-\sigma})}$
$arrow 0$




. , $\mathcal{F}^{-1}\sum_{k}C_{k}(t, 0)e^{-ika\xi}=\sum_{k}\sqrt{2\pi}C_{k}(t, 0)\delta_{ka}$ , $\sqrt{2\pi}C_{k}(t, 0)=$
$A_{k}(t)$ Theorem 1.2 .
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